Background-Factors that prevent colonic mucosal invasion by pathogenic Entamoeba histolytica are not understood. A key initial step in pathogenesis
injury induced by amoeba is adherence to target cells mediated by a surface glycoprotein lectin on E histolytica. Mucin degrading bacteria normally present in the colon lumen produce glycosidases that degrade soluble or cell surface glycoconjugates. Aim-To determine whether glycosidases produced by mucin degrading bacteria, alone or in combination with proteases present in colon lumen, can decrease E histolytica adherence to target epithelial cells by degrading E histolytica adherence lectin. Methods-The effects of exposure of E histolytica trophozoites strains HM1:IMSS and 200:NIH to faecal culture supernatant fluids, culture supernatant preparations of mucin degrading bacteria, and luminal proteases on their adherence to Chinese hamster ovary (CHO) cells were determined. The amount of surface adherence lectin on E histolytica trophozoites before and after treatment with glycosidases and proteases was determined by inumunofluorescence. The effect ofglycosidases and proteases on purified E histolytica lectin was determined by gel electrophoresis. Results Purified lectin was degraded by the mixture of faecal culture supernant preparations and proteases, but not by either alone. Conclusion-Mucin degrading bacterial glycosidases and colonic luminal proteases together, but not alone, degrade the key adherence lectin on E histolytica trophozoites resulting in decreased epithelial cell adherence. These in vitro findings suggest a potential novel host defence mechanism in the human colon wherein the invasiveness of a pathogen could be curtailed by the combined actions of bacterial and host hydrolases. This mechanism may be responsible for preventing mucosal invasion by pathogenic E histolytica. (Gut 1996; 39: 521-527) Keywords M-199 medium (GIBCO Biologicals, Grand Island, New York, USA) supplemented (M-199s) with 5.7 mM cysteine, 25 mM sodium -4 -(2-hydroxyethyl) 1-piperazine ethane sulphonic acid (HEPES), 0.5% bovine serum albumin, and 1% (v/v) antibiotic mixture (final concentration penicillin (100 units/ml), streptomycin (100 ,ug/ml)) and suspended in M-199s. CHO cells, harvested by trypsinisation, were washed and suspended in ice cold M-1 99s. Quadruplicates of 2X 1i0 CHO cells in 12 mmX75 mm plastic tubes were mixed with 1 X 104 E histolytica, centrifuged at 150 g for three minutes, and incubated in an ice water bath. At various incubation times all but 0 1 ml of supematant fluid was discarded, the pellet was gently vortexed, and the suspension loaded on a haemacytometer and examined under a microscope. E histolytica trophozoites with .3 adherent CHO cells were considered adherent and the percentage of adherent trophozoites determined by counting all trophozoites in the four corner chambers (n--50). Specificity of adherence was determined by adding 20 mM galactose, which inhibited adherence in all studies by >96% and in most by 100%.
EFFECTS OF FAECAL CULTURE SUPERNATANT PREPARATIONS, PANCREATIC PROTEASES, AND FAECAL EXTRACTS ON E HISTOLYTICA-CHO CELL ADHERENCE
E histolytica trophozoites harvested from 48 hour cultures (>90% viability as determined by trypan blue exclusion) were incubated in fresh TYI-S-33 medium containing 0.2 pim filter sterilised faecal culture supematant (50 ,ug-100 ,ug/ml protein), 25 pug/ml trypsin, and 50 ,ug/ml oa-chymotrypsin. At these concentrations activities of the glycosidases and proteases approximated to their activities in a 20/o-10% (w/v) faecal extract. Additionally, trophozoites were incubated in (a) TYI-S-33 medium alone, (b) medium with similar concentrations of pancreatic proteases and heat inactivated (100°C for three minutes) culture supematant preparations ('control'), and (c) medium with culture supernatant preparations. Cultures were incubated at 35.5°C and gently inverted periodically.
Samples were removed at various intervals, the trophozoites were harvested and counted, and their viability and adherence to CHO cells determined. Changes in adherence were calculated as percentage of mean adherence of control cells.
EFFECTS OF FAECAL CULTURE SUPERNATANT PREPARATIONS AND PANCREATIC PROTEASES ON
E HISTOLYTICA ADHERENCE LECTIN E histolytica adherence lectin on control and enzyme treated trophozoites was detected by indirect immunofluorescence. Trophozoites washed X3 in M-199s were incubated for one hour at 4°C with mouse monoclonal antibody to the lectin (500 ,ug/ml), washed x3 in M-199s, and incubated for one hour at 4°C with fluorescein labelled goat antimouse immuno-globulin (50 ,ug/ml), washed X3 in M-199s, and finally washed with phosphate buffered saline. Trophozoites, untreated, and after one hour incubation at 4°C with either monoclonal antibody or fluorescein labelled goat antimouse immunoglobulin alone, were used as controls. Fluorescence was detected qualitatively (grades of 0 to 4+) under an immunofluorescence microscope. Paraformaldehyde fixed cells (>30 000 in each) were analysed by flow cytometry in a fluorescence activated cell sorter (FACScan, Becton Dickinson).
Purified E histolytica lectin (1-4 ug/gll) was mixed with an equal volume of faecal culture supernatant preparation (50 ,ug/ml) and pancreatic proteases (50 ,ug/ml ao-chymotrypsin, 25 pug/ml trypsin) and incubated for six hours at 37°C. Controls included incubations of lectin with faecal culture supernatant preparation alone and with heat inactivated faecal culture supematant preparation plus pancreatic proteases. Proteins from samples were separated by electrophoresis by the method of Laemmli22 on a 5%-/-15% gradient polyacrylamide gel (PAGE). Untreated lectin and a mixture of faecal culture supematant preparation and pancreatic proteases were run in additional lanes. Neither faecal culture supernatant preparations nor pancreatic proteases alone appreciably modified E histolytica-CHO cell adherence when trophozoites were exposed to them for 24 hours. Incubation of E histolytica trophozoites with faecal culture supematant preparation, trypsin, and a-chymotrypsin for periods up to seven hours did not change their adherence to CHO cells. Thereafter, percentage adherence rapidly decreased (Fig 1) , and at 24 hours CHO cell adherence of the HM1:IMSS strain decreased by 71% (p<0 001) and of the 200:NIH strain decreased by 95% (p<0 05; Fig 1 and (Table I) . Culture supernatant preparations of mucin degrading bacterial isolates, in combination with pancreatic proteases, also decreased CHO cell adherence of HM1 :IMSS trophozoites (Table II) . Percentage decrease in adherence from control values ranged from 35.8% with culture supernatant preparations of R torques strain IX-70 to 89-8% with culture supernatant preparations of B infantis.
Prolonged incubation (>seven hours) with faecal culture supernatant preparations and pancreatic proteases together was needed for adherence reduction (Fig 1) . However, addition of 7.5 mM cycloheximide to the incubation mixture decreased CHO cell adherence of HM1 :IMSS trophozoites by 67-3(0.4)% (p<0.001) in two hours, shortening by fourfold the time to a comparable decrease in adherence in the absence of cycloheximide. Incubation of HMl:IMSS strain trophozoites with faecal culture supernatant preparation, pancreatic proteases, and cycloheximide was used to determine the dose relation of faecal culture supernatant preparation to adherence reduction. Decrease in adherence was proportional to the concentration of faecal culture supernatant protein (Fig 2) .
Preincubation of trophozoites with either culture supernates or proteases alone also shortened the time needed to decrease E histolytica-CHO adherence when the other hydrolase was added. Thus 24 hour incubation of HMl:IMSS trophozoites with faecal culture supernatant preparation alone did not modify adherence to CHO cells (Fig 1) . When proteases were subsequently added, adherence decreased in two hours, and the decrease in adherence at four hours was similar to the decrease after >seven hours incubation of trophozoites with culture supernatant preparation and proteases. Similarly, 24 hour preincubation of trophozoites with proteases and subsequent addition of faecal culture supernatant preparation shortened the time to decrease amoeba-CHO cell adherence (Fig 1) .
Decrease in E histolytica trophozoite adherence to CHO cells by faecal culture supernatant preparation and pancreatic preteases was reversible. HM1 :IMSS trophozoites that had decreased adherence after 24 hour incubation with faecal culture supernatant preparation and pancreatic proteases recovered to 99.3(05)% and 102-4(1.5)% of the adherence of control trophozoites at one hour and two hours respectively, of incubation in enzyme free TYI-S-33 medium. Similar results were found with 200:NIH trophozoites (Fig 1) , but cycloheximide prevented full recovery: when 7. allowed to react with both antibodies had similar lectin levels as untreated trophozoites whereas trophozoites allowed to react with single antibody had 0 to 1 + fluorescence. Flow cytometric analysis confirmed findings of qualitative fluorescence microscopy (Fig 3) . The percentage of trophozoites with positive fluorescence (defined as >30 arbitrary fluorescence units) decreased by >50% in each of three separate analysis (Table III) . Purified lectin heavy subunit was not degraded by faecal culture supernatant preparation alone or by a mixture of pancreatic proteases and heat inactivated faecal culture supernatant preparation, as determined by PAGE (Fig 4) . A mixture of faecal culture supernatant preparation and pancreatic proteases degraded the heavy subunit.
Discussion
Our studies show that adherence ofE histolytica trophozoites to CHO epithelial cells is decreased by the combined effects of faecal bacterial culture supernatant preparation and endogenous (host and bacterial) luminal proteases. The levels of enzyme activities used in these studies were similar to their activities in the right colon contents in that they were 2% to 10% of their activities in a faecal extract. Adherence of E histolytica to colonic epithelial cells occurs by a mechanism similar to their adherence to CHO cells. 24 Therefore, it is likely that these enzyme activities would similarly decrease adherence of E histolytica to colonic epithelial cells. Adherence is a key step in mucosal invasion and it is a required step for target cell cytolysis." 14 Thus the normal Variyam enteric flora along with luminal proteases might prevent invasive amoebic diseases in humans by a novel host defence mechanism.
Both glycosidases and proteases were required to decrease CHO cell adherence of E histolytica trophozoites and to degrade purified adherence lectin. This suggests that the decreased adherence might be the result of degradation of the trophozoite surface glycoprotein adherence lectin, similar to our findings on the degradation of mucin glycoproteins.'6 20 Alternatively, glycosidases and proteases might initially degrade glycoconjugates or proteins in the vicinity of the lectin, thereby allowing the hydrolases access to the lectin anchoring site on amoeba plasma membrane. However, faecal culture supernatant preparation did not contain detectable phospholipase-C activity (data not shown). Rapid restoration of adherence of trophozoites on removal from glycosidases and proteases suggests that decreased adherence is unlikely to be due to their effects on lectin biosynthesis or processing.
Prolonged exposure of E histolytica trophozoites to faecal culture supernatant fluids and proteases was necessary to decrease their adherence to CHO cells. Previous studies indicate rapid turnover of E histolytica plasma membrane components25 26 with a sizeable fraction of membrane components on the cell interior. Extracellular hydrolases would not be expected to degrade lectin on membrane components that are in transit in the cell interior. Cycloheximide, which inhibits protein synthesis and membrane turnover in E histolytica25 shortened the period of exposure of trophozoites necessary to decrease adherence by fourfold. Rapid restoration of adherence to preincubation levels ensued when enzyme treated trophozoites were transferred to enzyme free medium; the restoration was prevented by cycloheximide. These findings are consistent with previous reports of rapid turnover of E histolytica plasma membrane components.25 26 In the right colon, the usual habitat of the parasite, the normal motility pattern27 28 
